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(57) ABSTRACT 

The present invention relates to polymer membranes for 
separating ole?ns from paraf?ns Which have the similar 
molecular siZe and close boiling point. More particularly, it 
relates to a silver salt-containing facilitated transport mem 
brane for ole?n separation, and also a method for producing 
the same. An object of the present invention is to provide a 
silver salt-containing facilitated transport membrane for 
ole?n separation having improved stability, and also a 
method for preparing the same, Which exhibits no deterio 
ration in membrane performance even When operated for an 
extended period of time. The facilitated transport membrane 
for ole?n/paraffin separation of the present invention com 
prises a polymer, a silver salt, and a phthalate compound 
represented by the folloWing formula (1) 

(1) 
co2R 

co2R 

Wherein R denotes an alkyl group of 2 to 8 carbon atoms or 
a phenyl group. 

6 Claims, No Drawings 



US 6,706,771 B2 
1 

SILVER SALT-CONTAINING FACILITATED 
TRANSPORT MEMBRANE FOR OLEFIN 
SEPARATION HAVING IMPROVED 
STABILITY AND METHOD FOR 

PRODUCING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to facilitated transport mem 

branes for ole?n/paraffin separation, and more particularly 
to silver-containing polymer membranes With improved 
stability for ole?n/paraf?n separation and a method for 
preparing the same. 

2. Description of the Prior Art 
Ole?ns, basic raW materials for the chemical industry, are 

mainly obtained by cracking naphtha or natural gas as 
mixtures With saturated hydrocarbons With close volatilities, 
and thus ole?ns must be separated before they can be used. 

Currently, separation of ole?n/paraffin mixture is mainly 
carried out by highly energy-intensive loW temperature 
distillation. As a result, a number of alternatives have been 
investigated including adsorption and membrane separation. 

There Was reported a method for separating ole?ns from 
paraf?ns by adsorption using silver or copper salts Which 
reversibly react With ole?ns (see, Ind. Eng. Chem. Res. 2571 
(1998)). HoWever, this separation method using adsorption 
is disadvantageous because desorption process must be 
carried out after adsorption, thereby requiring a large equip 
ment and space. 

Recently, separation by facilitated transport membranes in 
Which silver salts are used as carriers has attracted much 
interest because of the loW energy consumption, compact 
apparatus, and simple operation. The basis for the separation 
is the ability of silver ions to interact reversibly With ole?ns 
by forming silver-ole?n complexes. There have been many 
reports on the facilitated transport of ole?ns by using various 
membranes such as supported liquid membranes and ion 
exchange membranes; hoWever those membranes, as dis 
closed in US. Pat. No. 3,758,603, exhibit high ole?n/ 
paraf?n selectivity only in the presence of Water, requiring 
costly and undesirable humidi?cation and dehumidi?cation 
steps in the practical applications. 
A solution to this problem is the development of facili 

tated transport polymer membranes. US. Pat. No. 5,670,051 
discloses a facilitated transport polymer membrane in Which 
silver salt present in polymer matrix interacts With ole?ns. 
According to this patent, separation of ole?ns from paraffins 
is conducted in the absence of Water, so that loss of the silver 
salt caused by introduction of gas does not occur. 
Furthermore, since the polymer membrane can be produced 
so as to have a reduced thickness of several pm or beloW, gas 
permeability can be signi?cantly increased. In addition, 
much larger amounts of silver salts can be used in compari 
son With other types of membranes, and thus the separation 
ef?ciency can be signi?cantly increased. 

HoWever, polymer membranes containing silver salts 
exhibit some disadvantages that prevent the commercialiZa 
tion of this separation process. One major draWback 
observed in the polymer membrane is the decrease in 
membrane performance With time, possibly due to the 
reduction of silver ions to silver particles by light or impu 
rities. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention has been made to solve 
the above-mentioned problems occurring in the prior art, 
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2 
and an object of the present invention is to provide a silver 
salt-containing facilitated transport membrane for ole?n 
separation having improved stability and also a method for 
producing the same, Which exhibits no deterioration in 
membrane performance even When it is operated for an 
extended period of time. 
To accomplish this object, there is provided a facilitated 

transport membrane for ole?n/paraffin separation, Which 
comprises a polymer, a silver salt, and a phthalate compound 
represented by the folloWing formula (1): 

(1) 
co2R 

co2R 

Wherein R denotes an alkyl group of 2 to 8 carbon atoms or 
a phenyl group. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

In the facilitated transport polymer membranes according 
to the present invention, phthalates are able to bind to silver 
ions in a chelating mode, thereby improving the stability and 
performance of the membranes. 

The membranes in the present invention comprise poly 
mer matrix as solvent and a silver salt capable of reversibly 
interacting With ole?ns as transport carrier and solute. 
The material chosen for the polymers should promote 

dissolution of the silver salt into the polymer matrix, and 
provide high mobility for complexed ole?n molecules. 

Based on these factors, preferred polymers are those that 
can form coordination bonds to silver ions by means of 
oxygen, nitrogen or sulfur electron-donating atom, knoWn as 
a hetero-atom, in the polymer structure. 

In other Words, the polymer is used, Which has a func 
tional group, such as amide, ether, ester or carbonylic acid. 
Examples of this polymer include polyvinylpyrrolidone 
(PVP), poly(2-ethyl-2-oxaZoline), polyvinylmethylketone, 
polyvinylformal, polyvinylacetate, cellulose acetate (CA), 
cellulose acetate butyrate (CAB), polyacrylate, polymethyl 
methacrylate (PMMA), polyacrylic acid and the like. 

In the polymer membranes according to the present 
invention, the molar ratio of silver salt/monomer unit of 
polymer ranges from 0.5—3, and preferably 1—2. Examples 
of the silver salt, Which can be used in the practice of the 
present invention, include AgBF4, AgPF6, AgSO3CF3, 
AgClO4, AgSbF6 and the like. In addition, other silver salts, 
Which can chemically bind to the functional group of the 
polymer, may also be used. 

The phthalate compound is contained at the amount of 
0.05 to 10% by Weight, and preferably 1 to 5% by Weight, 
relative to the Weight of the polymer. If the phthalate 
compound content is beloW 0.05% by Weight, it is disad 
vantageous in that an improvement of performance and 
stability of the separation membrane is insuf?cient. On the 
other hand, if the phthalate content exceeds 10% by Weight, 
it is also disadvantageous in that the permeance of ole?ns is 
signi?cantly reduced. 

Furthermore, the facilitated transport membrane for 
ole?n/ paraf?n separation is produced by a method Which 
comprises the steps of: successively dissolving a polymer, a 
silver salt and a phthalate compound in a solvent to form a 
homogeneous solution; coating the solution on a support; 
and drying the coated support at a condition free of light and 
oxygen. 
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The solvent that is used in the method of the present 
invention should dissolve all of the polymer, the silver salt 
and the phthalate compound and should be completely 
removed at the drying step after coated on a support or glass 
plate, etc. Examples of this solvent include alcohols of 1 to 
4 carbon atoms, and tetrahydrofuran. 

The solvent or solvents used to prepare the coating 
solution should not attack the supporting substrate. It is 
preferred to use a supporting substrate, Which is 
microporous and thus exhibits an excellent permeability. 

The facilitated transport membrane may also be produced 
by a method Where the solution is coated on the glass plate 
Without using the support, dried and then removed from the 
glass plate. In any case Where the solution is coated on the 
support or on the glass plate, the thickness of the polymer 
?lm is typically several pm although it can vary if necessary. 

Separation of ole?n/paraf?n using the polymer membrane 
produced by the above method is carried out at a temperature 
and pressure at Which permeates can be present in a gas 
state. Separation of ole?n/paraffin mixtures, Which have loW 
molecular Weights and are gaseous at room temperature, can 
be carried out at room temperature as in cases of ethane/ 
ethane, propane/propane, and 1-butene/butane mixtures. 
HoWever, separation of ole?n/paraffin mixtures, Which have 
high molecular Weights and thus are present as liquid at 
room temperature, is carried out at a temperature higher than 
the boiling point of the mixture by more than 10° C. 

Separation of the ole?n/paraf?n mixture using the facili 
tated transport membrane is achieved by diffusion of gas 
mixture being introduced and transport of complexes formed 
betWeen carriers and ole?ns being introduced. As a result, in 
vieW of such tWo effects, a pressure difference across the 
membrane (permeate pressure) is preferably in the range of 
1 to 5 atm. 

The present invention Will hereinafter be described in 
further detail by examples. It should hoWever be borne in 
mind that the present invention is not limited to or by the 
examples. 

EXAMPLE 1 

TWo grams of polyvinylpyrrolidone (PVP, MW=1,000, 
000) and 2 g of silver tetra?uoroborate (molar ratio of 
AgBF4/PVP=1) Were successively dissolved in 8 g of 
methanol, after Which 2 Wt % of dibutylphthalate(0.04 g) 
With respect to PVP Was added to the solution. The solution 
Was coated on a support (microporous polysulfone 
membrane) Was dried at room temperature in a light pro 
tected convection oven under a nitrogen atoms The resulting 
solid polymer membrane had a selective layer With a thick 
ness of about 1 pm. 

The produced membrane Was cut into a siZe of 5 cm><5 cm 
and mounted in a permeance test apparatus. Permeance tests 
Were then carried out for 100 hours at 2 atm With a gas 

mixture of propylene/propane (molar ratio=1:1). 
Gas permeance Were measured With a soap-bubble 

?oWmeter, and separation properties of permeated gas Were 
analyZed With a gas chromatograph equipped With TCD and 
Unibead-column. 

The permeance and the propylene/propane selectivities 
Were measured to be 54x10‘6 cm3(STP)/cm2~S~cmHg and 
78 at one hour after the start of permeance test, and 51x10“6 
cm3(STP)/cm2~S~cmHg and 90 at 100 hours after the start of 
permeance test, respectively. 

EXAMPLES 2—7 

Polymer membranes Were prepared as described in 
Example 1, using different loading of dibutylphthalate. 

4 
Permeance tests Were then carried out using the prepared 
polymer membranes. Results are shoWn in Table 1. 

TABLE 1 
5 

Permeance Propylene/ 
Dibutylphthalate/ (10’6 cm3(STP)/ propane 

polymer cm2 - S - cmHQ) selectivities 

Examples (Wt %) 1 hour 100 hours 1 hour 100 hours 

10 2 0.05 41 25 67 40 
3 1 46 37 70 63 
4 2.5 52 48 74 81 
5 5 50 44 69 75 
6 7 36 29 64 66 
7 10 28 21 58 52 

15 

EXAMPLES 8—11 

20 

Polymer membranes Were prepared as in Example 1 by 
using different silver salts. Permeance tests Were then carried 
out using the prepared polymer membranes. Results are 
shoWn in Table 2. 

25 

TABLE 2 

Permeance Propylene/ 
(10’6 cm3(STP)/ propane 

30 Kinds of cm2 - S - cmHg) selectivities 

Examples silver salt 1 hour 100 hours 1 hour 100 hours 

8 AgSO3CF3 53 49 75 84 
9 AgPF6 46 43 69 65 

35 1O AgClO4 42 36 7O 78 
11 AgSbF6 39 36 81 89 

40 EXAMPLES 12—14 

Permeance tests Were carried out using the polymer 
membrane prepared as in Example 1 While varying kinds of 
ole?n/paraf?n mixtures Were used. Results are shoWn in 
Table 3. HoWever, separation of 1-pentene/pentane mixtures 
in Example 14 Was carried out at 50° C. 

45 

TABLE 3 

5O Permeance Propylene/ 
(10’6 cm3(STP)/ propane 
cm2 - S - cmHg selectivities 

Examples Gas mixtures 1 hour 100 hours 1 hour 100 hours 

55 12 Ethane/ethane 58 56 165 181 
13 1-butene/butane 49 45 77 85 
14 1-pentene/pantane 46 39 53 61 

60 

EXAMPLES 15—17 

Polymer membranes Were prepared as described in 
65 Example 1 While varying kinds of phthalates. Permeance 

tests Were then carried out using the prepared polymer 
membranes. Results are shoWn in Table 4. 
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TABLE 4 TABLE 6 

Permeance Propylene/ Permeance Propylene/ 
(10’6 cm3(STP)/ propane (10’6 cm3(STP)/ propane 

Kinds of cm2 - S - cmHg) selectivities 5 Kinds of cm2 - S - CIHHQ) selectivities 

Examples phthalates 1 hour 100 hours 1 hour 100 hours Examples polymers 1 hour 100 hours 1 hour 100 hours 

15 Dimethyl- 45 42 75 84 23 CA 27 26 123 125 
phthalate 24 CAB 34 32 132 143 

16 Dioctyl- 49 47 108 123 10 
phthalate 

17 Diphenyl- 59 56 119 130 
phthalate 

COMPARATIVE EXAMPLES 1—3 
15 

EXAMPLES 18—22 _ _ 

Polymer membranes Were prepared as in Example 1 using 
only the polymers and the silver salts Without adding phtha 

Polymer membranes Were similarly prepared as in 20 lates. The molar ratios of silver salt and the repeating unit of 
Example 1 using different polymers. Permeance tests Were 
then conducted using the prepared polymer membranes. 
Results are shoWn in Table 5. 

polymer Were set at 0.5, 1 and 2, respectively. Permeance 
tests Were conducted using the prepared membranes. Results 
are shoWn in Table 7. 

TABLE 7 

Permeance (10’6 Propylene/propane 
Comparative Molar ratios of silver salts to cm3(STP)/cm2 - S - cmHg) selectivities 

Examples repeating units of polymers 1 hour 10 hours 100 hours 1 hour 10 hours 100 hours 

1 0.5 18 14 10 42 40 29 
2 1 40 29 25 65 61 35 
3 2 60 40 37 59 53 26 

35 In the separation membrane of Comparative Example 2 
TABLE 5 comprising only the polymer and the silver tetra?uoroborate 

(molar ratio of silver salt to the repeating unit of polymer 
Permeance Propylene/ _ 

(1046 Cm3(STP)/ propane Was 1), the permeance continuously decreased up to 100 hrs. 
Kinds of cm2 - s - cmHg) selectivities 40 Thus, the permeance at 100 hrs Was reduced to a level of 

60% as compared to the permeance at 1 hr. Also, a 
Examples polymers 1 hour 100 hours 1 hour 100 hours . . . 

propylene/propane selectivity Was continuously reduced, 
18 PO1Y(2-ethY1)-2- 48 45 63 76 and a selectivity at 100 hours Was reduced to a level of about 

oxazoline ~ ~ 

19 POIYVHWL 41 37 76 88 50% as compared to a selectivity at 1 hour. 

methylketone 45 
20 Polyvinyl- 42 40 74 85 

formal 
21 Polyvinyl- 47 42 61 75 On the contrary, as in the case of Example 1 Where a 

22 P fcetatt? 1 45 41 63 72 molar ratio of the silver salt to the repeating unit of the 
mzti?iygté 5O polymer Was 1 and the phthalate loading Was 2 Wt. % With 
(PMMA) respect to the polymer, the permeance and selectivity 

remained substantially constant throughout the experiments 
for up to 100 hours. 

EXAMPLES 23—24 55 

As apparent from the foregoing, the present invention 
TWO grams of Cellulose acetate (CA) (Example 23) or provides the facilitated transport membrane containing sil 

cellulose acetate butyrate (CAB) (Example 24) and 3.5 g of Ver Salt for ole?n/para?in Separation having improved Sta‘ 
silver tetra?uoroborate Were successively dissolved in 18 g 60 blllty and 21150 the methOd fOr producing thereof, WhlCh 
of tetrahydrofuran (THF), to Which 0.04 g of dibutylphtha- exhibits no deterioration in membrane performance. 
late Was then added to make a coating solution. Although a preferred embodiment of the present invention 

has been described for illustrative purposes, those skilled in 
The Solution Was Coated on a glass plaw After the the art Will appreciate that various modi?cations, additions 

evaporation of the solvent, the membranes Were dried com- 65 and SIlbSIiIIlIiOIlS are POSSibIfI, WithOllt departing frOIIl the 
pletely. Permeance tests Were then carried out using the 
prepared polymer membranes. Results are shoWn in Table 6. 

scope and spirit of the invention as disclosed in the accom 
panying claims. 
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What is claimed is: 
1. A facilitated transport membrane for ole?n/paraf?n 

separation, Which comprises a polymer, a silver salt, and a 
phthalate represented by the following formula (1): 

(1) 
co2R 

co2R 

Wherein R denotes an alkyl group of 2 to 8 carbon atoms or 
a phenyl group. 

10 

8 
3. The membrane of claim 2, Wherein said polymer is 

selected from the group consisting of polyvinylpyrrolidone 
(PVP), poly(2-ethyl-2-oXaZoline), polyvinylmethylketone, 
polyvinylformal, polyvinylacetate, cellulose acetate (CA), 
cellulose acetate butyrate (CAB), polyacrylate, polymethyl 
methacrylate (PMMA) and polyacrylic acid. 

4. The membrane of claim 1, Wherein the molar ratio of 
said silver salt to the repeating unit of the polymer is in the 
range of 0.5—3. 

5. The membrane of claim 1, Wherein said silver salt is 
selected from the group consisting of AgBF4, AgPF6, 
AgSO3CF3, AgClO4 and AgSbF6. 

6. The membrane of claim 1, Wherein the loading of said 
phthalate is in the range 0.05—10 Wt % With respect to the 

2. The membrane of claim 1, Wherein said polymer 15 polymer~ 
contains electrin-donating heteroatoms in the polymer struc 
ture. 


